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(54) METHOD OF PRODUCING SEMICONDUCTOR DEVICE 



(57) There is provided a method for reducing 
absorptivity of moisture of an insulation film made of 
SiOF and for achieving a highly reliable semiconductor 
device. 

In a method for manufacturing a semiconductor 
device utilizing a silicon oxide film including fluorine as a 
layer insulation film of a semiconductor integrated cir- 
cuit, an inert gas 14 is introduced in addition to source 
gases 11-13 during the formation of the silicon oxide 
film including fluorine. 
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Description 
TECHNICAL FIELD 

The present invention relates to a method for man- 
ufacturing semiconductor devices and, more particu- 
larly, to a method for forming a layer insulation film 
utilizing a silicon oxide film. 

BACKGROUND ART 

For example, conventional techniques in this field 
include that disclosed in an article "A Study on the 
Structure of PE-CVD SiOF Films" by Takashi Usami et 
al. on Shingaku Giho SDM 94-146 (November, 1994). 

Silicon oxide films (Si02) utilizing plasma 
enhanced chemical vapor deposition (PE-CVD) have 
been commonly used as insulation films of semiconduc- 
tor devices. However, a trend toward finer and more 
highly integrated devices has resulted in increased 
capacitance between lines which has an influence on 
the driving power of the devices. 

This has resulted in an increased need for insula- 
tion films having a lower relative dielectric constant, and 
fluoridated (F) silicon oxide films (SiOF) have come to 
attention as one of such materials having a low relative 
dielectric constant. As disclosed in the above-men- 
tioned article. SiOF can be formed by mixing tetraethyt 
orthosilicate (TEOS), oxygen (02), and an etching gas 
including fluorine (F) (e.g.. C^Fg, CF 4 , NF 3 , HF, etc.) in 
a reaction chamber under plasma discharge. 

However, an insulation film made of SiOF formed 
using the above-described conventional method has 
high absorptivity of moisture and absorbs a large 
amount of moisture thereinto. 
This has resulted in problems including that: 

(1) it can cause corrosion of a metal line which is a 
factor of a semiconductor device; and 

(2) it reduces the lifetime of a transistor which forms 
a factor of a semiconductor device, and this has 
made it difficult to manufacture semiconductor 
devices of high reliability. 

It is an object of the present invention to eliminate 
the above-described problems and to provide highly 
reliable semiconductor devices by reducing the absorp- 
tivity of moisture of insulation films made of SiOF. 

DISCLOSURE OF THE INVENTION 

In order to achieve the above-described object, 
according to the present invention: 

(1) in a method for manufacturing a semiconductor 
device utilizing a silicon oxide film including fluorine 
as a layer insulation film of a semiconductor inte- 
grated circuit, an inert gas is introduced in addition 
to source gases during the formation of said silicon 



oxide film including fluorine, which, as a result, 
makes it possible to improve the efficiency of disso- 
ciation of the material gas. thereby allowing the for- 
mation of a more uniform film; 

5 (2) in a method for manufacturing a semiconductor 
device according to the above (1). said inert gas is 
at least one gas selected from helium and argon, 
which results in an increased compressive stress of 
the SiOF film to allow the film to be denser; and 

10 (3) in a method for manufacturing a semiconductor 
device according to the above (1). said source 
gases include tetraethyl orthosilicate (TEOS), hex- 
afluorocaitxm (C2F 6 ), and oxygen (O2) used as a 
silicon source, a fluorine source, and an oxidizer, 

15 respectively, and the inert gas is used in an amount 
which is seven times or more of that of the silicon 
source gas, which improves the absorptivity of 
moisture of the film thus formed, and such an effect 
is further enhanced by increasing the amount of 

20 helium supplied. 

PRIEF DESCRIPTION OF TH5 DRAWINGS 

Fig. 1 illustrates a PE-CVD apparatus used for 
25 forming a SiOF layer insulation film to indicate an 
embodiment of the present invention. 

Fig. 2 is a sectional view showing the formation of a 
SiOF layer insulation film to indicate an embodiment of 
the present invention. 
30 Fig. 3 illustrates a compressive stress of a SiOF film 
relative to the amounts of helium and argon gas sup- 
plied to indicate an embodiment of the present inven- 
tion. 

Fig. 4 illustrates an infrared absorption spectrum of 
a SiOF film with 2000 A thick measured after moistening 
for three hours under a condition that a temperature is 
80°C and humidity is 80 % under the atmospheric pres- 
sure to indicate an embodiment of the present inven- 
tion. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the present invention will now be 
described with reference to the drawings. 

Fig. 1 illustrates a PE-CVD apparatus used for 
forming a SiOF layer insulation film to indicate an 
embodiment of the present invention, and Fig. 2 is a 
sectional view depicting the formation of a SiOF layer 
insulation film to indicate an embodiment of the present 
invention. 

With reference to Fig. 1 , a reaction chamber of a 
parallel plated-anode type PE-CVD apparatus like the 
prior art is referred to generally by the numeral 10. In the 
reaction chamber 1. there is disposed a heater 2. a sus- 
ceptor 3 on the heater 2. and a wafer 4 to be processed 
on the susceptor 3. A gas supply port 5 is formed in the 
top of the reaction chamber 1 , and a gas which is a mix- 
ture of source gasses. i.e., a silicon source gas 1 1 , a flu- 
orine source gas 12, and an oxidizer 13 is introduced to 
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the gas supply port 5 through a pipe 10. Further, an 
inert gas 14 is supplied to cause plasma discharge 
which results in the formation of a film. MFCs (flow rate 
controllers) is designated by the numeral 15-18. 

Specifically, when a silicon oxide film including fluo- 
rine is formed in the above-described PE-CVD appara- 
tus, the introduction of the inert gas 14 in addition to the 
source gases 11-13 results in the formation of a fluori- 
dated (F) silicon oxide film (SiOF) 22 on a substrate 21 
which has semiconductor integrated circuits formed on 
the surface of a wafer 4 as shown in Fig. 2. 

Thereafter, upper wiring layer 23 is formed on the 
SiOFfilm 22. 

With such a configuration, by supplying an inert gas 
having high dissociating potential during the formation 
of the layer insulation film, the dissociation efficiency of 
each source gas can be improved to allow a uniform 
layer insulation film to be formed. 

A second embodiment of the present invention will 
now be described- 
Helium or argon which is a rare gas is used as the 
inert gas in the first embodiment. Film formation is per- 
formed with these rare gases introduced in the reaction 
chamber along with source gases. 

In this case, the volume ratio of the source gases as 
a whole to helium or argon as the inert gas is desirably 
3:1 or less. 

Such a configuration results in an increased com- 
pressive stress of a SiOF film so as to make the film 
denser. 

Fig. 3 illustrates a compressive stress of a SiOFfilm 
relative to the amounts of helium and argon gas sup- 
plied to indicate an embodiment of the present inven- 
tion. The compressive stress (Pa: pascal) and the flow 
rate of each gas (seem) are shown along the ordinate 
and the abscissa axis respectively. 

As apparent from Fig.3, while helium provides a 
higher effect, both helium and argon gas have a effect of 
increasing the compressive stress of the film as the sup- 
plied amount is increased, thereby making the film 
denser. 

A third embodiment of the present invention will 
now be described. 

As the source gases in the first embodiment, tetra- 
ethyl orthosilicate (TEOS), hexafluorocarbon (C 2 F 6 ), 
and oxygen (O2) are used as the silicon source, fluorine 
source, and oxidizer, respectively, under the condition 
as shown below and helium is used as the inert gas 
under the condition as shown below. 



TEOS 


140cc/min. 


C2F5 


500 cc/min. 


02 


2000 cc/min. 


He 


1000, 2000 cc/min. 



Fig. 4 shows an infrared spectrum absorption of a 
SiOF film with 2000 A thick formed under the condition 
as described above. In Fig. 4, the broad peak around 
3400 cm" 1 represents water (H 2 0) absorbed by the film. 

5 Fig. 4 illustrates an infrared spectrum absorption of 
a SiOF film with 2000 A thick measured after moistening 
for three hours under a condition that a temperature is 
80°C and humidity is 80 % under the atmospheric pres- 
sure, to indicate an embodiment of the present inven- 

10 tion. 

The infrared spectrum absorption shown in Fig. 4 
was measured after moistening for three hours under a 
condition that a temperature was 80°C and humidity 
was 80 % under the atmospheric pressure, and it indi- 

15 cates that the more helium is supplied during the forma- 
tion of the film, the less water is absorbed by the film at 
the moistening test Specifically, by supplying helium in 
an amount which is about seven times or more of that of 
TEOS as the silicon source gas during the formation of 

20 the film, the absorptivity of moisture of the film is 
improved. 

Further, such an effect is enhanced by increasing 
the amount of helium supplied. 

The present invention is not limited to the above- 
25 described embodiments and there may be various mod- 
ifications based on the spirit of the present invention 
which are not intended to be excluded from the scope of 
the present invention. 

As described above in detail, according to the 
30 present invention, the following effects can be achieved. 

(1) According to the invention as set forth Claim 1, 
by introducing an inert gas in addition to source 
gases during the formation of a silicon oxide film 

35 including fluorine, the efficiency of dissociation of 
the material gas can be improved so as to allow the 
formation of a more uniform film. 

(2) According to the invention as set forth Claim 2, 
since helium or argon gas is introduced as the inert 

40 gas, a compressive stress of a SiOF film is 
increased so as to allow the film to be denser. 

(3) According to the invention as set forth Claim 3, 
since source gases include tetraethyl orthosilicate 
(TEOS), hexafluorocarbon (C 2 F6), and oxygen (0 2 ) 

45 used as a silicon source, a fluorine source, and an 
oxidizer, respectively, and the inert gas is used in an 
amount which is seven times or more of that of the 
source gases, the absorptivity of moisture of the 
film thus formed is improved. 

50 

Further, such an effect is enhanced by increasing 
the amount of helium supplied. 

Claims 

55 

1. A method for manufacturing a silicon oxide film 
including fluorine to utilize as a layer insulation film 
of a semiconductor integrated circuit, characterized 
in that mixed gas including a silicon source gas, a 
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fluorine source gas, an oxidizer, and an inert gas is 
used and the amount of said inert gas is at least 
seven times that of said silicon source gas. 

2. A method for manufacturing a silicon oxide film s 
according to Claim 1 wherein tetraethyi orthosili- 
cate (TEOS). hexafluorocarbon (C^g). and oxygen 
(0 2 ) are used as a silicon source, a fluorine source, 
and an oxidizer, respectively, and Helium or Argon 
is used as the inert gas. 10 
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